Consensus Based on Strong Failure Detectors: Time and Message-Efficient Protocols by Greve, Fabiola et al.
HAL Id: inria-00072801
https://hal.inria.fr/inria-00072801
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Consensus Based on Strong Failure Detectors: Time and
Message-Efficient Protocols
Fabiola Greve, Michel Hurfin, Raimundo Macêdo, Michel Raynal
To cite this version:
Fabiola Greve, Michel Hurfin, Raimundo Macêdo, Michel Raynal. Consensus Based on Strong Failure
Detectors: Time and Message-Efficient Protocols. [Research Report] RR-3855, INRIA. 2000. ￿inria-
00072801￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
38
55
--
F
R ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Consensus Based on Strong Failure Detectors:
Time and Message-Efficient Protocols
F. Greve, M. Hurfin, R. Macêdo et M. Raynal
N˚3855
Janvier 2000
THÈME 1
 	
	 
"!#$	%&')(
*  +,-/.0	)132546%$	798:;<%$
=>@?BADCFEGCIHKJ&L>NMOPADQ@R@HKJNSB>NLUTWVIXIYPZ\[CF]L>NSTK^R@T`_aH
b;cedgfBhBijlknmpo hrqIsGtuhgvoxwGoxvdgfBhpo
y	z{I|xhgvn}~y
k7qI\{Kzxvn\hzhpcehgz cehWj3qI3`hgz7j irqIhpo
)prI\ b;cehgqKoo {I¡¢g£¥¤§¦K¨`©ª¡«qI¬¬s\zh\hgvhpgv{Kzou­¥\hge{Kvhp¯®;°¬eg¬se\hpoqI¬	¡«qI¬¬s\zhB\hgvhpgv{KzovxcqIv
oxseoxhpgvqI¬±gz qKoxcehp²\z{Wphpo ohpoqIe²vxcqIv\{Be{Kvoxseoxhpgv7o{KfBhu­³qB\zx{Kzx$s\\´`e{rµ'°n\z{Wphpo onvxcqIvehghgz
gz qKoxcehpor¶¸·`{\¹qº¡«qI¬¬s\zh»\hgvhpgv{Kz¼vxcqIv½hg{K\ov{¾®-o¬Wvxzx¬eoxrqI¬¬w¿s\\zhg¬qI½\h5qKoB¬v¼rqIÀqIzx½\¬vxz qIzx¬¬w
oxseoxhpgv7p{Kzxzhpgv7\z{Wphpo ohpor¶n·`hghgz qI$®ÂÁ«½qKohp²p{Keohgeoxseo7\z{Kv{Wp{Kocqph½hphg²\hpox¬ehp@¶7·`{KfBh{I¡	vxcehgf
oxwGoxvhgfqIvxrqI¬¬wzhpÃ3s\¬zhÂÄBp{KfÅ\s\v qIvx{Kz{Ks\e\oÆ­aÄÅ½Phg¬\vxcehÂ3s\f½hgz){I¡G\z{`phpoohpoD°Ç¹FhrqKcz{Ks\e ¬3{K¬`¬\
ÄNÈ{KzÄ5fBhpoo qIhpoÉ¶ÆÊ7vxcehgzo7qI¬{ÉµËhrqIzx¬wÌ\hpgox{KÍ­a«¶Îh¶¬¹evxceh<3s\f½Phgz{I¡$z{Ks\e\o7\hgPhge\o7{Kvxceh<fqFtG¬fqI
3s\f½PhgzÅ{I¡ngz qKoxcehpoµ'cehgUvxcehgzh¼qIzhe{»hgzxz{Kehp{Kseoªoxseox\g{KeoÇ°<½\s\vzhpÃ3s\¬zhhrqKc:z{Ks\eÍv{¬3{K¬h¼Ä È
fBhpoo qIhpoÉ¶
b;c\o'qIhgz\zhpohgWvonqI»hrqIzx¬wu\hpgG¬\B®ÂÁ«½qKo hpp{Keohgeoxseo'\z{Kv{`p{K&hrqK cz{Ks\e{I¡)µ'c\ c»¬W{K¬hpo
Ï\Ð ÄÑÒÉÓ'fBhpoo qIhpor¶Æ·`{\¹evxceh<\z{K{ohpÌ\z{Kv{`p{K&o'qIzxvxgs\qIzx¬wÌvx¬fBhqIeÌfBhpoo qIhÇÁÔhÇÕghgWvr¶;Ö²{Kzhp{Éhgzr¹
¬vÂrqIhrqKox¬¬w½h;hgehgz qI¬¬×rhpv{zhpGseph'vxceh3s\f½hgzØ{I¡z{Ks\e\oØqIvÙvxceh;\zxph{I¡@qI¬egzhrqKoh'¬Åvxceh'Ws\f½hgz
{I¡±fBhpoo qIhpo'hgz'z{Ks\e@¶
ÚÌÛ3ÜÝÞß Ià$ }oxw`ec\z{Ke{Kseo~oxvxzx¬½\s\vhp5·Ww`oxvhgf¹NáÆ{Keohgeoseor¹áØz qKoc²âqI¬¬s\zh¹@y$hgzxPhgvxsqI	}'pgs\z qKgw
y	z{KhgzxvÔw¹ãn\zhg¬qI½\h âqI¬¬s\zh~hgvhpgv{Kzr¶
ä¬åNæèç«érêæ;ë@ì¬çÔí³îgï
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     q<gqKo oh'\hpoÙ\mgvhpgvhgs\zoØ\h\mÇ¡³qI¬¬qIephpog¦¤Ç£a¢'­¥\mge{Kvmph®;°	p{KfÅ\zhgeBv{Kseo	hpoØ\mgvhpgvhgs\zo
\hÆ\mÇ¡³qI¬¬qIephpo	ÃWs\\{K3v±P{Ks\z$\z{K\zxmgvmpo	\h;oxseoxhpgvhgz)hpo$\z{`phpooxseo$\mÇ¡³qI¬¬qIWvo	fqIo±\hÙehÆqKo±oxseoxhpgvhgz
qIs5fB{K¬eos\¯\hpo<\z{`phpooxseoe{K¯\mÇ¡«qI¬¬qI3vo­¥oDqIeo<Ã3sehª \hgWvx¬vmB\hÅphg¬s\ ÁÔgÂo{K¬v p{K\3s¾q¼\zx{Kzx °Ç¶ª~h
¡«qI¬vr¹Gs\»\mgvhpgvhgs\z7\h<\mÇ¡«qI¬¬qIephpoqI\qIzxvhgqIWvªqªgqKo oh®hpoxvn¬3vxzx¬eodpÃWsehgfBhg3ve{KqI½\h<\s\oÃWs ¬
hgs\vnoxseoxhpgvhgzqIzx½\¬vxz qI¬zhgfBhgWv\hpon\z{Wphpo oxseonp{Kzxzhpgvor¶'yÂ¬seoxhgs\zon\z{Kv{`p{Khpo\h p{Keohgeoxseon¡¥{Ke\mpo7oxs\z
qªgqKooh® {K3vmgvm<p{Kgseor¶ØáÆhgzxv qI¬eo7Îhg3vxzh hgsGtuzhpÃWs\dgzhg3vnoxwGoxvmgfqIvxÃWsehgfBhg3vÄ5mgv qIhpo\h<rqIgs\Ù­aÄ
mgv qI3vhe{Kf½\zhª\h\z{WphpooseoD°Ç¹ cqKÃ3sehmgv qIhempphpoo¬v qI3vÎmgfÅoox{K5\h ÄU{Ks²ÄNÈfBhpoo qIhpor¶7~ ôqIs\vxzhpo
\z{Kv{`p{Khpo7hgzxfBhgvxvhg3vs\eh\zxoh\h\mpgox{K5qIs \¬seo7v"!KvÅ­¥eqIeophrqKor¹he{Kf½\zhªÎmgv qIPhpo\hrqIgs\
\mghgeGs¼e{Kf½\zhfqFtG¬fqIP\h\mÇ¡³qI¬¬qIephpoÆ{KzoÃWs ¬ w¼q<qKo;\hnoxseo\g{K¼hgzxz{KemphÉ°ÙfqIoØzhpÃ3s\dgzhgWv
Ä È fBhpoo qIhpo#BcqKÃWseh mgv qIPh\h<rqIgs\«¶
áÆhgvªqIzxvxghB\zmpohgWvhs\¯\z{Kv{`p{Kh\hp{Keohgeoxseo ¡¥{Ke\moxs\z qÌgqKoo hÅ®ËhgzxfBhgvxv qI3vª\hpo\mpgo{Keo
qIs \¬seoÅv"!Kvr¶ áØcqKÃ3seh»mgv qIPhÌ\hurqIgs\empphpoo¬vh Ï\Ð Ä¾ÑËÒÉÓfBhpo o qIhpor¶:~h¡«qI¬vr¹Âhu\z{Kv{`p{KhÌ\z{K{om
hpoxvqIzxvxgs\¬dgzhgfBhg3vhÇÕrqKphuhgUvhgfÅeohgvªhg¾e{Kf½\zhÌ\hBfBhpooDqIhpor¶²~h\¬seor¹±¬Øhgs\vqIo mgfBhg3v%$gvxzh
mgemgz qI¬omBq&e¯\hªzmpGs\¬zhªhe{Kf½\zhÎmgv qIPhpo \hªrqIgs\ÙqIs5\zx tº s\ehBqIs\fBhg3v qIvx{KÍGs5e{Kf½\zhB\h
fBhpoo qIhponmpcqI\mpo7qIznmgv qIPh¶
'¸ß r Ý )(   oxwGoxvdgfBhpozmgqIzxvxoÅqKoxwWe c\z{Kehpor¹	p{KeohgeoxseoÉ¹)qI\ehpo¡¥z qIecehpor¹±\z{K\zxmgvm¼\h\zmpgox{K
hgzxPmgvxsehg¬h¹e\mgvhpgvhgs\zo\h<\mÇ¡«qI¬¬qIephpoe{K*qI½\hpor¶
   7<
%NP
·`hghgz qIgzxsegqI\z qKgvxrqI\z{K½\hgfBo­¥oxsecqKo£«¦	
g¤§¦I¢g£PqIe£«¦¦¥£°±hgep{Ks\3vhgzhp¬Åvxceh
\hpox¬Ì{I¡)zhg¬qI½\h qI\\¬rqIvx{Keo½\s\¬¬v{K¼v{KÌ{I¡$s\\zhg¬qI½\h qKoxwWe c\z{Ke{KseoGoxvxzx¬½\s\vhpow`oxvhgfBoÉ¹`qKgvxsqI¬¬w
½hg{K\Uv{ qUo qIfBh²¡«qIfÅ¬¬w¾vxceh»¡«qIfÅ¬¬w{I¡r©K¤Ç¨£¤§¦
¢g¶#b;c\o¼¡«qIfÅ¬¬wrqIÀ½Ph cqIz qKgvhgzx¬×rhp
½3w5qÌox¬\hª\z{K½\hgf¹)qIfBhg¬wºvxceh 	¦K¨\¢Ç¨\¢!3¢n\z{K½\hgf¹)vxcqIv o<vxcehg¬z"r©K¤#£$Ç¢Ç£¦B¦K¨U¢%!&
$¤x¦
'( ¶
b;cqIvªoµ'c3w¾vxcehup{Keohgeoseoª\z{K½\hgf op{Keo\hgzhp:qKoBq¡¥s\eeqIfBhg3v qI\z{K½\hgf¶¯b;c\oªo\z qKgvxrqI¬¬w
qIe:vxcehp{KzhgvxrqI¬¬w hgzxwU¬fÅP{Kzxv qIWvr¶ â\z{Kf q \z qKgvxrqI{K¬3v{I¡`hgµ ¹Âvxc\oÅfBhrqIeoÅvxcqIv¼qI3w:o{K¬s\vx{K
v{5p{KeohgeoxseoÅrqI ½h¼seohp¿qKoBq ½\s\¬G¬\¯½\{`´U{K v{K¿{I¡7µ'c\co{K¬s\vx{KeoÅv{ºqIzxvxgs\qIzqIzhphgfBhgWv
\z{K½\hgfBo;rqI½hn\hpo¬ehp@¶Ââ\z{Kf"q vxcehp{KzhgvxrqI{K¬3v;{I¡NWhgµ ¹Wvxc\oÆfBhrqIeoÙvxcqIv'qIuqIzhphgfBhgWv'\z{K½\hgf
rqI\e{Kv½h<o{K¬hpÌ¬»ow`oxvhgfBo;µ'cehgzhp{KeohgeoxseorqI\e{Kv7½Ph<o{K¬hp@¶
)èG¡¥{KzxfqI¬¬w¹`vxcehp{KeohgeoxseoÆ\z{K½\hgf rqI¼½Ph\h eehpu¬¼vxcehn¡³{K¬{rµ'¬\ªµ;qpw¶+*ÙqK cÌ\z{Wphpo oØ\z{K{ohpo'q
qI¬sehqIe»qI¬&p{Kzxzhpgv\z{`phpoohpocqph v{\hpg\h<vxceh o qIfBh<qI¬seh¹\µ'c\ c»cqKo'v{Å½h<{Keh {I¡	vxceh\z{K{ohp
qI¬sehpor¶u·`{K¬`¬\»vxcehp{Keohgeoxseo\z{K½\hgf ¬ÍqKoxw`ec\z{Ke{KseoªGoxvxzx¬½\s\vhpÍoxwGoxvhgfBo µ'cehgzh\z{Wphpoo hpo<fqpw
gz qKoxcºo¡«qIz7¡¥z{Kf½hg¬\Ìqvxzx¬`qI	v qKox´¶,)ÔvcqKo½hphg¯oxce{rµ'5½Ww²â$o cehgzr¹  w`ec¾qIe5y±qIvhgzo{K.-ô0/	vxcqIv
vxcehgzhÅoe{Ì\hgvhgzxfÅ¬\oxvxo{K¬s\vx{K¯v{uvxcehÅp{Keohgeoxseo \z{K½\hgf6¬5vxce{ohÅoxwGoxvhgfBo qKo<o{`{K¾qKo\z{Wphpo ohpo
­¥hghgª{K\¬w{KehÉ°@fqrwgz qKoxcN¶$b;c\o$¬fÅP{oo¬½\¬¬¬vÔw zhpoxs\¬v$p{KfBhpo)¡az{Kf¸vxcehÂ¡«qKgv&vxcqIvr¹GsehØv{7vxcehÙs\ephgzxv qI¬WvÔw
gzhrqIvhpº½3wºqKoxw`ec\z{K3w5qIe ¡«qI¬¬s\zhpor¹¬vo7¬fÅ{oox¬½\hv{¼\zhpgohg¬w²´We{Éµ vxcehow`oxvhgfoxv qIvh¶·`{\¹v{½h
qI½\hBv{²o{K¬hqIzhphgfBhgWvª\z{K½\hgfBo¬:qKoxwWe c\z{Ke{KseoªGoxvxzx¬½\s\vhpÍow`oxvhgfBoÉ¹&vxce{ohoxwGoxvhgfBo<cqphv{½h
" qIs\fBhg3vhp1(µ'¬vxc qK\G¬vx{KqI$qKo oxs\fÅ\vx{KeonvxcqIvnfqI´hp{Keohgeoxseo7o{K¬qI½\h<¬»oxse c»¬fÅ\z{rhp oxwGoxvhgfBor¶
}ÀfqF|x{Kz;qIe¼\hgvhgzxfÅ¬\¬\qKGKqIeph7¬¼vxc\oØG¬zhpgvx{KucqKoÆ½Phphgu\{Keh7½3w¼áØcqIeGz qªqIe¼b&{Ksehgªµ'ce{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'D¢g¹e{KehPhgz'\z{`phpoor¶±b;ceh¡«qI¬¬s\zh<\hgvhpÇÁ
v{KzfB{`Gs\h­¥{Kz qKghÉ°nqKoo{`gqIvhpÌµ'¬vxc qª\z{`phpoo'\z{ÉW\hpo7¬vµ'¬vxcºqª¬oxvn{I¡±\z{Wphpo ohpo¬vsehpo ohpov{Åcqrh
gz qKoxcehp@¶±}¡³qI¬¬s\zh\hgvhpgv{KzØrqIBfqI´h'fÅoxv qI´hpo	½Wwªe{KvÂoxseoxhpgvx¬\qgz qKoxcehpÅ\z{`phpoor¹{Kz	½WwÅhgzxz{Kehp{Kseo§Á
¬wºoxseoxhpgvx¬\²qÌp{Kzxzhpgv\z{`phpoor¶)Ô5vxcehg¬zohgfÅ¬qIÂqIhgz-¬i/Ô¹±áØcqIeGz q²qIe¯b&{Ksehg²cqph\h eehp5vÔµÆ{
vÔw`hpo7{I¡Ù\z{KhgzxvÔw»v{ cqIz qKgvhgzx¬×rhBgqKoohpo{I¡	¡³qI¬¬s\zh\hgvhpgv{Kzor¶} gqKooo\h eehp²½Ww²q>	¦?@p£$Ç¨D¢D¢
\z{KhgzxvÔw5qIe¯qI2AB!`¤CDB\z{KhgzxvÔw¶ª}p{KfÅ\hgvhgehpoo \z{KPhgzxvèw o{K5vxcehBqKgvxsqIÂ\hgvhpgvx{K¾{I¡Ægz qKoxcGÁ
hpor¶b;cehÅp{KfÅ\hgvhgehpoo<\z{KhgzxvÔw µØhBqIzh¬3vhgzhpoxvhp¯¬5½qKoxrqI¬¬w²oxv qIvhpovxcqIv"èhghgzxwºgz qKoxcehp \z{`phpooo
hghg3vxsqI¬¬w²oxseoxhpgvhp½3whghgzxwp{Kzxzhpgv\z{`phpooC( ¶'}7²qKpgs\z qKgw\z{KhgzxvÔwÌ¬¬fÅ¬vo7vxcehfÅoxv qI´hpoq¡«qI¬¬s\zh
\hgvhpgv{Kz7rqIÌfqI´h¶
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Ä È fBhpoo qIhpo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¬fÅ{Kzxv qI3v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fB{Kzh\zhpgohg¬w¹GµÆhqIzh{K\¬wuqpµÆqIzh{I¡)vxcehhgehgzx\z{Kv{Wp{K\zhpohgWvhpÌ¬6-ô0/  ¶cehgu¬eoxv qIWvxqIvhpÌµ'¬vxc
q¡«qI¬¬s\zh \hgvhpgv{Kz®¹Gvxc\o'hgehgzx<\z{Kv{`p{KN\z{r`\hpo7q®ÙÁ«½qKohpp{Keohgeoxseo\z{Kv{Wp{KNvxcqIvnvhgzxfÅ¬qIvhpo
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o<vxs\ehp¾v{uhgzxwºo hg\{Kf6fqI´hÅfÅoxv qI´hpor¹&vxc\o \z{Kv{`p{KÂ\z{r`\hpohrqIzx¬w \hpgox{KN¶ *ÙqKcÍz{Ks\e¾{I¡;vxc\o
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b;cehÅoxwGoxvhgffB{`\hg	o<qIvxvhgzxehp¾qF¡¥vhgz<vxcehB{KehÅ\hpogzx¬½hpº¬.-¬i¹N0/Ô¶ª}#¡³{KzxfqI	¬3vxz{`Gsegvx{K¾v{¼¡«qI¬¬s\zh
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¯hp{Keo\hgzqoxw`ovhgf p{Keoxoxvx¬\u{I¡Ùq%e\¬vhohgvJI {I¡ÂÄLK Ò \z{`phpoohpor¹qIfBhg¬w¹INMGOQPSRUTVP È TXWXWXWUTVPYZ3¶} \z{`phpoorqI ¡³qI¬±½3w>g¤CK¢\[a¨W©¹Ù­a«¶Îh¶¬¹½Ww\zhgfqIvxs\zhg¬w cqI¬vx¬\W°Ç¶4)èv7½hgcqphpo<p{Kzxzhpgvx¬w:­a«¶Îh¶¬¹NqKpp{KzG¬\
v{ ¬voØoxhpg rqIvx{K°±s\3vx¬P¬v7­a{oox¬½\¬we°±gz qKoxcehpor¶5]ÆwÅ\h e\¬vx{KN¹Gq¦K¤Ç¤#p£P\z{Wphpo oÂoØq<\z{WphpooÙvxcqIvØ\{`hpo
e{Kvngz qKoxcN¶  hgv?Eº\hge{Kvh<vxceh<fqFtG¬fs\f 3s\f½hgz7{I¡$\z{Wphpo ohpo'vxcqIvnrqI»gz qKoc¾­	E G¿ÄÌÑÒÉ°Ç¶
y	z{`phpoohpop{KfÅf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